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Chapter 1
Introduction
1.1 Background and motivation
Globalization, the growing interaction between countries, is a phenomenon that is cen-
turies if not millennia old. Yet during past decades cross-border economic interrelations
intensified greatly and gave rise to the formation of global value chains (GVCs). GVCs
refer to production processes that have been ‘unbundled’ across national borders. This
unbundling, it is argued, has been driven by more open economic policies, reductions
in transportation costs and are especially due to lower communication and coordination
costs (Baldwin, 2016). It has resulted in the rapid expansion of international trade in
intermediate inputs and flows of supporting business services, such as back-office and
after-sales services.
GVCs are central to this thesis. They are defined in Gerefi and Fernandez-Stark (2016) as:
the value chain, which describes the full range of activities that firms and workers perform
to bring a product from its conception to end-use and beyond. This includes activities
such as research and development (R&D), design, production, marketing, distribution
and support to the final consumer. The activities that comprise a value chain can be
contained within a single firm or divided among different firms.
What are the implications of the formation and evolution of GVCs for the levels and
growth rates of income, employment, trade, and productivity in countries? These big and
important questions motivate this thesis, which aims to provide new empirical insights
using a novel task-based GVC perspective.
Until recently, researchers were ill-equipped to study GVCs. This was largely due to
data limitations. Macroeconomic frameworks, such as input-output tables and national
1
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2 Chapter 1.
accounts, describe economic relationships between industries within countries, but not the
international linkages between industries which are essential to analyze the size and impact
of GVCs. Most firm-level surveys are not insightful either, because when firms organize
activities on an international basis, the typical surveys at statistical offices capture only
the domestic part of their GVC activities.
In that respect, the creation of multi-regional input-output tables, such as OECD TiVA,
the World Input-Output Tables (WIOTs, see Timmer et al. 2015) and others (see overview
in Tukker and Dietzenbacher, 2013) has been an important step forward. Such tables
provide comprehensive data on the international transactions of goods and services. The
tables combine national input-output tables with detailed international trade data. Due to
information on supply and use relations between industries and across countries, it allows
measuring vertically integrated production structures. This has enabled researchers to
analyze the generation of value added by countries in the various production stages.
Yet, current data and tools are organized around products and sectors. They measure the
value added by country-industries in value chains. But that does not inform on the specific
tasks that are carried out, such as assembly, product design, or marketing tasks (Timmer
et al. 2019). Indeed, the above definition of a GVC by Gerefi and Fernandez-Stark (2016)
clearly puts the focus on the need to examine business processes and activities.
Figure 1.1: The activities in a GVC
Source: Mudambi (2008)
Figure 1.1 illustrates the activities in a value chain, which can be broadly categorized
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1.1. Background and motivation 3
into those at the upstream and downstream end, with production activities in the middle
(Mudambi, 2008). Activities at both ends of the value chain are typically intensive in
their application of knowledge and innovation. Upstream activities are supported by
R&D knowledge such as basic and applied research and design. Downstream activities
are supported by marketing knowledge, such as marketing, advertising, and after-sales
services.
The costs of manufacturing and logistics activities in the middle have reduced due to
mechanization and standardization (Mudambi, 2008). Furthermore, the opening up of
China, India and Eastern Europe in the 1990s implied that low-wage countries with
educated workforces emerged as competitive locations for assembly and other routine ac-
tivities. Competition is fierce among these production activities in the middle of the value
chain. The cost reductions arising from increased competition, offshoring and technolog-
ical change tend to reduce the production activities’ share in GVCs.
The changing relative shares of value-added generation, away from production activities
and towards knowledge-intensive upstream and downstream activities, was first coined a
smile curve by Stan Shih of Acer in 1992 and has been dubbed in subsequent theoretical
work ‘the smile of value creation’ (Mudambi, 2008; Baldwin et al. 2014). Firms are
finding that income gains are increasingly concentrated at the upstream and downstream
ends of the value chain (Mudambi, 2008).
The contribution of this thesis is to measure and analyze the activities carried out in
GVCs. It aims at closely examining ‘who is doing what and where’, and to reach the end
of deepening the understanding of the activities performed, e.g. R&D or fabrication. As
a result, measuring and analyzing the activities carried out in GVCs carry implications
for the potential of spillovers and productivity growth. It uses a variety of data and
quantitative approaches. Moreover, it does so at the macro (country-industry), regional,
and micro (firm) level. By way of introduction, we first discuss the current literature.
Section 1.2 discusses current approaches to measure and analyze activities carried out
in GVCs. Section 1.3 discusses the theory and empirics of the cross-border re-location
of activities for levels and growth rates of income and employment. Section 1.4 studies
determinants of firm productivity and discusses how the specialization of firms in specific
activities might be considered a new determinant of firm productivity. Each subsection
selectively reviews relevant literature and discusses how the various thesis chapters relate
to this literature. Section 1.5 provides a summary of the chapters in this thesis.
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4 Chapter 1.
1.2 Conceptualizing business functions
What are business functions and why do we need them?
Business functions are the unit of analysis in GVCs, which originates from the interna-
tional business (IB) literature, largely due to the scholarly work of Michael Porter (Porter,
1990). In IB, the focus is on firm management and organizational practice, whereby a
range of activities (e.g. R&D, fabrication, management, marketing) need to be performed
strategically and coordinated in different locations to deliver products most efficiently and
profitably.
Hernández and Pedersen (2017) review important IB studies on the orchestration of GVCs.
This literature aims to explain why GVCs exist and the main functions involved in it
depending on different criteria such as the degree of involvement in the production process.
Furthermore, it describes the key decisions firms need to take, which include choosing
optimal governance modes, geographical scope, and coordination of activities. Hernández
and Pedersen (2017) argue that firms have to combine the decisions on governance mode
and location to define the value chain, combining the coordination in a network that
interacts with other parties. All these actions are taken at the level of business functions.
The GVC configuration is considered to have important implications. To slice the value
chain into finer defined activities, firms need to have a better-managed organization to
put activities in different locations and coordinate them from afar. Decision making on
which activity is the core to be performed at home and which is better outsourced is
crucial in a competitive business environment. Furthermore, specialization in different
functions gives firms the potential to create a competitive advantage. Hernández and
Pedersen (2017) review the literature on the implications of GVC configuration, including
firm performance and upgrading processes raising plenty of questions that remain to be
explored.
Business functions are also a common unit of analysis in economic geography and urban
economics literature. Duranton and Puga (2005) provide striking evidence that shifts
in the urban structure have more to do with functional specialization rather than sec-
toral specialization. Specifically, they find that US cities are increasingly characterized
by specialization in supporting business services, with production activities taking place
outside cities. Bade et al. (2003) confirm patterns of specialization in functions rather
than sectors using data for Germany. This new empirical evidence inspired Duranton and
Puga (2005) to develop a general equilibrium model which explains that the change in
urban structure from sectoral to functional specialization is due to changes in the firm
organization. The main organizational change that has been documented in the model
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1.2. Conceptualizing business functions 5
is the separation of management and production. This decision is endogenously made
with the operating environment in consideration, for example, headquarters are likely to
be located in cities with abundant business services. As many firms make similar strate-
gic decisions on their organizational forms, it leads to functional specialization across
geographical locations.
Business functions are related to the concept of tasks in labor and international economics
literature. A task is a unit of activity that can be conducted to produce output (Acemoglu
and Autor, 2011). In Timmer et al. (2019), a business function is referred to as a set of
tasks that are carried out by a specific occupational group of workers. Studying tasks has
become relevant and important as firms specialize in different production stages (Baldwin,
2006). There is no standard classification for business functions. However, typically the
main distinction is between production and headquarter (Markusen, 2002). In Timmer
et al. (2019), they further split headquarter into R&D, management and marketing
activities. We will use the business function data constructed by Timmer et al. (2019)
in Chapter 2. This type of data is different from measures of skills, approximated by
educational attainment. There is not a clear-cut mapping of a business function to factor
endowment. For example, Timmer et al. (2019) find that the share of high-skilled workers
in the US differs among business functions, with the highest in R&D activities (0.67), the
lowest in fabrication activities (0.07) and marketing (0.27) and management activities
(0.54) in between.
Defever (2006) points out that fabrication is a subset of GVC activities, and a GVC frame-
work should include the full set of activities carried out. This includes fabrication but
also supporting business functions. Defever (2006) argues that these supporting business
functions have not been widely studied in economics. The reasons could be the lack of
data and difficulty in connecting it to theory. To fill this gap, Defever (2006) investigates
fragmentation and the co-location of multinational firms’ value chain activities in Europe.
They use the European Investment Monitor (EIM) database, which provides data that
characterizes investments by function such as investments in setting up R&D, logistics,
and marketing activities. They find that choosing the location of activities is more influ-
enced by characteristics related to business functions rather than sector characteristics.
R&D and fabrication activities appear to be co-located. Barbour and Markusen (2007)
find that there is not a clear cut industry-function structure across different geographical
regions. Therefore we cannot infer the functional structure of a region from its sectoral
structure.
Defever (2006) argues one of the main reasons why business functions have not been
widely studied in economics is the lack of data. Brown (2008) and Sturgeon and Gereffi
(2009) stress the need to collect new data. The existing literature in economics mainly
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studies international fragmentation using either industry classification standards, product
trade data or input-output statistics. Analysis based on sectors is likely to be ill-advised.
For example, a manufacturing firm conducts tasks related to the design, engineering,
marketing and distribution of the products it manufactures. It is inadequate to focus on
the sector and not dig deeper into what the firm does besides fabricating products.
Similarly, the shortcomings of trade in goods statistics are also widely acknowledged: a
country might be a leading exporter of a certain product, but that need not inform on the
value it adds to the exported goods. In an often-cited case study, Dedrick et al. (2010)
find that even though China is a main exporter of electronics, its contribution to the
value-added is minor as the main activity China performs is assembly. Taking the Apple
iPod as an example, they document that software is provided by Apple, the main memory
chips by Samsung from Korea, and the hard drive by Toshiba from Japan. Each of these
activities adds more value than the assembly activities in China. Trade studies based on
product data have been doing reasonably well in explaining trade patterns (Timmer et
al. 2019). However, they are thought to be less successful in other respects. For example,
Sturgeon and Gereffi (2009) argue that trade statistics provide incomplete information on
the location where value is added, no information on the ownership of output and how the
whole system is coordinated. Product statistics do not directly inform us of the technolog-
ical content and factor inputs. The technological content of labor and capital can vary by
country. A high-tech product like the iPhone may involve technological-intensive activities
in the US and low technology assembly activities in China. Furthermore, Sturgeon and
Gereffi (2009) indicate that even for an exporter who carries out the production process
itself, other activities like design, marketing and management may still be undertaken
outside the territory of the exporting country.
Recent studies based on input-output data have emerged to study the domestic value-
added content of exports (Hummels et al. 2001; Johnson and Noguera, 2012). The
pioneering work of Hummels et al. (2001) proposes a measure of vertical specialization,
namely the foreign value-added content embodied in exports. This measure of vertical
specialization informs on how much value is added domestically and how much is added
abroad. This is crucial to analyze many issues regarding international trade and frag-
mentation. For example, an increase in the Chinese export of electronics may lead to
the conclusion that Chinese exports have become more skill-intensive and sophisticated.
However, taking into account the foreign value-added in Chinese export would certainly
reach a different conclusion. Much of the value in the Chinese exports used to be added
to other advanced economies like the US, Japan, and Korea. This information is not
revealed by data on goods trade, but only from tracing the domestic value-added in ex-
ports. Similarly, by tracing the foreign content in exports over time, researchers can
analyze time-series changes in the contribution to value-added of exporters. For example,
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1.2. Conceptualizing business functions 7
Koopman et al. (2012) find that the aggregate domestic content of Chinese manufactur-
ing exports increased from 51% to 60% between 2002 and 2007. Koopman et al. (2014)
take the studies of vertical specialization and value-added trade to another level by de-
composing gross export into an exhaustive list of components that allows one to trace the
value-added from different sources and account for double accounting.
Figure 1.2: Illustration value added in GVC
Source: OECD (2013. Interconnected Economies)
Figure 1.2 illustrates the value-added flows embodied in gross exports. The arrows show
flows of intermediate inputs and export of the final product from Europe to the US.
Measures and analysis based on gross exports would only tell part of the story. For
example, from the perspective of the US, there is only a gross trade flow with Europe.
However, it is the final consumption in the US that is driving the creation of value-added
in this GVC. The literature on value-added in exports aims to identify these inter-country
relationships by breaking down the gross export flow (say from Europe to the US) into
the value-added from each of the countries that contributed.
Such measures do not inform on the activities firms carry out, the value-added in partic-
ular activities and the organizational and spatial nature of activities concerning decision
making (Sturgeon and Gereffi, 2009; Timmer et al. 2019). For example, vertical special-
ization measures reveal how much value is added in China from its export of a certain
product. However, this particular share of Chinese value-added in gross exports may be
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8 Chapter 1.
a result of China’s specializing in different functions. Is the value added by China from
production, management, R&D or assembly? Questions on what activities a country or a
firm does are increasingly relevant and important to understand as they carry important
implications for the potential for productivity growth and knowledge spillovers.
Measuring business functions
Several statistical offices and researchers have put in considerable effort to collect new data
to measure business functions. Currently, there are two approaches to measure business
functions: one is the attempt by statistical offices or census bureaus to conduct firm-level
surveys to obtain self-reported information about business functions. The other approach
involves collecting detailed information on the occupation and wages of workers and then
construct business functions based on the occupation of workers. We describe and outline
the strengths and limitations of each approach below.
Brown et al. (2014) use the 2010 National Organizational Survey (NOS) to study out-
sourcing and offshoring by US organizations. The NOS provides information on eight
business functions and the outsourcing and offshoring activities around these functions.
Under the aegis of Eurostat, twelve statistical offices in Europe have implemented ‘Inter-
national Sourcing & Global Value Chain Surveys’ (ISS) from 2007 onwards. 1 Chapters 3
and 4 of this thesis benefit from using this unique survey from Statistics Netherlands.
There are three waves of the survey, which were carried out in 2007, 2012 and 2017.
Other statistical offices like Statistics Canada also launched their experiments with inter-
national sourcing surveys based on a business function framework (Brown et al. 2014).
Other than international sourcing surveys, business function frameworks have also been
implemented in surveys dealing with other topics. Defever (2006) uses the European In-
vestment Monitor (EIM) database to study functional fragmentation and the location of
multinational firms in Europe as EIM provides investment data distinguished by func-
tions. A key strength of survey data is that they ask managers directly about their
business functions and related subjects, which provides firsthand information on business
functions and how firms manage it. However, they have the limitation that it is difficult
to get these data continuously over time and it is costly and difficult to include a large
sample of firms in the survey.
Other studies use census data that provide detailed information on employment and occu-
pation to inform about functional specialization and its impact on economic development.
For example, Bernard et al. (2017) propose to rethink deindustrialization as they question
the standard classification of firms by manufacturing/non-manufacturing. They argue
1These statistical offices are based in Czech Republic, Denmark, Germany, Ireland, Italy, Netherlands,
Portugal, Slovenia, Finland, Sweden, United Kingdom and Norway.
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1.2. Conceptualizing business functions 9
that besides manufacturing, manufacturers perform more activities, e.g. design, man-
agement, marketing, etc. The operation of (manufacturing) firms consist of a complex
combination of different activities. Bernard et al. (2017) use the rich Danish population-
level employer-employee data. The employer side of data has detailed information on the
economic activity of plants. This information allows the authors to determine if a firm
is in the manufacturing sector or not. The employee side of data has information on the
occupation of workers, and all workers are linked to the firms they work at with a unique
identifier. With detailed information on the occupation of workers, Bernard et al. (2017)
classify workers into five business functions according to their occupations: managers, tech
workers, support activities, sales activities, and production line workers. By tracing firms
and workers over time, the authors can find those firms that switch out of manufacturing
and the concomitant changes in their functional structure. They find that the functional
structures of switchers have been notably changed and two very different kinds of switch-
ers exist. One switches out of the manufacturing sector and becomes similar to traditional
wholesalers as there is an increasing share of sales workers and a reduction of production
workers. The other type of switcher continues with manufacturing-related functions like
design and R&D. The second type of switchers are also referred to as factory-less goods
producing firms (FGPFs). With the detailed occupation data, Bernard et al. (2017) are
able to empirically implement a business function framework to inform on what firms do
and what happens within (manufacturing) industry during deindustrialization.
Timmer et al. (2019) propose to study trade based on functional specialization. They
construct an Occupations Database using detailed census and survey data. They collect
detailed time-series data on workers’ occupations and wages. They distinguish between
four functions according to the occupation of workers, namely R&D, fabrication, market-
ing, and management. Timmer et al. (2019) propose a Balassa type index of functional
specialization at the country level, which compares the share of a function in total export
income from a country to the share of this function in total export income for all countries.
In order to achieve this, the authors firstly calculate domestic value-added in exports us-
ing input-output tables, and then they trace the type of workers that are involved in the
production. The value-added contributed by a function is determined by the total income
of workers that perform the function. Applying this new functional specialization index,
Timmer et al. (2019) find large heterogeneity in functional specialization across countries
at similar income levels. The majority of advanced countries specialize in R&D functions.
The specialization patterns only change slowly over time for these countries. Chapter 2
of this thesis benefits from using this newly constructed business function data.
Following Timmer et al. (2019), Chen et al. (2018a) investigate the reason behind the
increase in China’s domestic value-added in export. This is a study that shows how the
functional specialization approach by Timmer et al. (2019) can be applied beyond the
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national level to address regional topics. Chen et al. (2018a) collect detailed data on
business functions based on occupations data across 31 Chinese provinces and 42 indus-
tries following the identification strategy of Timmer et al. (2019). Combining population
census data with inter-provincial input-output tables, they are able to capture the func-
tional specialization of Chinese regions. They find that the increase in China’s domestic
value-added in exports occurs owing to fabrication activities expansion and it is mainly
driven by second-tier provinces. Furthermore, they find that even though the expansion
of fabrication activity is important, there is an even faster increase in income from pre-
and post-fabrication functions in China and the richest provinces increasingly specialize
in these activities. This finding suggests that China is also on the way of transforming
itself from a global factory to a participant in GVC that engages in more diverse activities
and the roles of regions might differ in this process. Clearly, applying the industry scheme
or product data cannot reveal the activities in GVC that Chinese regions specialize in.
A big advantage of using occupation data to approximate business functions is that it
allows a time-series economic analysis. However, it is different from business function
surveys in which managers answer questions about business functions. Researchers need
to put occupations into each business function group to further investigate functions.
There is not a clear-cut and unique mapping between occupation and business function
and some occupations may qualify to be classified in more than one business function.
Therefore, occupations data is an imperfect measure of business functions.
Acknowledging the important advantages of the business function approach in GVC stud-
ies and building on the relevant research outlined above, the three remaining chapters of
this thesis investigate the functional specialization of countries, sub-national regions and
firms in the context of globalization and international fragmentation. We benefit from
the international sourcing and labor force surveys from Statistics Netherlands, which pro-
vide the opportunity to study the firm and regional level functional specialization and
important topics like offshoring and firm productivity. We also benefit from the business
function dataset constructed by Timmer et al. (2019), which enables us to investigate
cross-country functional specialization patterns.
1.3 Offshoring and onshore labor market effects
The re-location of business functions and production stages abroad is commonly referred
to as offshoring (Baldwin, 2006). Offshoring has drawn increasing attention from re-
searchers, media and the general public as it has deep implications for the onshore labor
market (Hummels et al. 2018). Fear of potential loss of domestic jobs and an increase in
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1.3. Offshoring and onshore labor market effects 11
inequality have led to a somewhat strong tone against globalization and offshoring among
some political figures and further advocated by mass media. Concerning mechanisms of
how offshoring may affect onshore labor markets, important economic theories have been
put forward. These will be discussed below. Empirical research will be used to provide
evidence on this matter. This field of research is vast and we will only provide a selec-
tive review of theoretical and empirical research on the relation between offshoring and
onshore labor market outcomes.
Theory
A theoretical foundation is needed to understand the mechanisms at work. The effects
of offshoring on onshore labor market outcomes can be traced back to early theory on
the wage effects from trade. In the theoretical model of Stolper and Samuelson (1941),
two closed economies are included - the North and the South. Both of them use two
production factors, namely skilled and unskilled labor to produce two types of goods
that differ in skill intensity. The North is a high-skill labor abundant country while the
South is an unskilled labor abundant country. When the two countries open up to trade,
the North specializes in producing the skill-intensive goods, which leads to a rise in the
relative price of the skill-intensive goods and subsequently the skill premium (the relative
wage of skilled to unskilled labor). The opposite happens in the South. Their model is
among the first to theoretically explain how specialization in international trade affects
the onshore labor market.
With increasing production fragmentation, a new theory emerged that examined off-
shoring within GVCs and its relation to onshore labor demand. Adopting a Heckscher-
Olin structure, Feenstra and Hanson (1996) propose an industry model in a North-South
setting. In their model, a bundle of intermediate inputs is needed to deliver the single
final product to consumers. The intermediate inputs are put in increasing order according
to their skill intensity. As in Stolper and Samuelson (1941), there are two countries, the
North and the South. The North is skilled labor and capital abundant, whereas the South
is unskilled labor abundant. Suppose there is a capital flow from the North to the South,
which is identified as an increase of offshoring from the Northern firms. The offshored
inputs are less skilled than the inputs remaining in the North but more skilled than the
inputs produced in the South. Therefore, both countries see a rise in skill intensity, which
increases the relative demand for skilled labor in both.
Besides theories in a North-South setting, other theories try to model the effects of off-
shoring on labor market outcomes in a North-North setting. Burstein and Vogel (2010)
study two identical countries that are both developed North. With a drop in trade costs,
both countries start to offshore by exporting intermediate inputs. With the assumption
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of productivity being skilled labor biased, the less productive firms contract their pro-
duction, and production resources are redistributed towards the more productive firms.
Exporters are those firms with higher productivity in both countries. As a result, the
demand for high-skilled labor increases in both countries and so is the skill premium.
The above theoretical research explains reasonably well the increase in skill premiums
owing to a rise in offshoring, which is in congruence with the wage changes in the 1980s
in the US and other advanced economies. However, what happened in the 1990s is quite
different from that in the 1980s and the theories above are not able to explain the 1990s
evidence (Feenstra, 2016). There is an increase in the skill premium in US manufacturing
but this is accompanied by a decline in the employment of manufacturing workers. This
is suggestive of service activities offshoring. As the lower-paid back-office jobs from manu-
facturing sectors are offshored, the average wages for the nonproduction workers increase,
together with a decline in overall manufacturing employment (Feenstra, 2016).
These empirical patterns motivated the theoretical work of Grossman and Rossi-Hansberg
(2008), which refer to their theory as a model of ‘trade in tasks’. In their two-sector North-
South model, instead of intermediate inputs, there is a continuum of tasks carried out by
two types of workers - skilled and unskilled ones. They assume that the skilled wages are
the same in both countries but unskilled wages are lower in the South, which provides
an incentive for the North to offshore unskilled tasks to the South. As the technology of
offshoring improves, there is a decline in offshoring costs of unskilled tasks. The wages of
the unskilled workers may increase as the cost-saving is attributed to payment to unskilled
workers. This saving in costs is similar to an economy-wide increase in unskilled labor
productivity, which is therefore named by the authors as ‘the productivity effect’. The
productivity effect adds a new channel to the other two effects - the relative price effect
and the labor supply effect. The relative price effect is similar to the traditional trade
theory, which describes that with the decline in offshoring cost, the cost of low skilled
tasks also declines. It, therefore, increases the world output of low-skilled labor-intensive
goods, which leads to a fall in the relative price of labor-intensive goods. The labor supply
effect is similar to the framework of Feenstra and Hanson (1996). As the North offshores
unskilled tasks abroad, the onshore unskilled workers are freed and they seek employment
elsewhere. This increase in supply leads to a decline in the relative wage of these unskilled
workers. The productivity effect proposed by Grossman and Rossi-Hansberg (2008) has
important implications as it tells that rather than jeopardizing the low skilled workers,
offshoring may even benefit them through an increase in their productivity.
Besides Grossman and Rossi-Hansberg (2008), other extant theories also point out that
offshoring needs not to harm the onshore workers even with the offshored activities be-
ing labor-intensive. Benz (2013) proposes a dynamic theory of trade in tasks based on
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the framework of Grossman and Rossi-Hansberg (2008). Other than the three effects
of Grossman and Rossi-Hansberg (2008), they propose two other effects: the short-run
intertemporal profit effect and the long-run composition effect. Both effects take into ac-
count the imitation risk, which is a probability of losing future profits by offshoring to the
South. In the short run, the rising discount rate for future profits harms the high-skilled
workers. In the long run, however, the endogenous adjustments of both the northern
and southern varieties compensate the high-skilled workers for their loss in the short run.
With this dynamic setting, Benz (2013) argues that empirical studies aim to identify a
stable relation between offshoring and relative wages could be ill-advised as it is more
meaningful to investigate the correlation of offshoring and labor wages during different
periods. Benz (2013) finds that the intertemporal effect harms the skill premium while the
composition effect improves the skill premium. Groizard et al. (2015) propose a theory
on offshoring and firm-level employment, they propose three effects of a fall in offshoring
costs on firm-level employment. The substitution effect takes place when domestic labor
is replaced by foreign ones. Competition effects take place when efficient firms’ offshoring
leads to a tougher competitive environment. Both effects harm onshore labor. However,
similar to the productivity effect of Grossman and Rossi-Hansberg (2008), the third ef-
fect, the scale effect, facilitates job creation. The scale effect takes place with the aid of
the cost-saving mechanism of offshoring, which expands production and thereby creates
more jobs. The theories of the task-based offshoring like Grossman and Rossi-Hansberg
(2008) are mostly based on a North-South setting. However, recent research emphasizes
that a North-North setting is very important as most trades in intermediate goods are
North-North, just like trade in final goods (Hummels et al. 2018). Dluhosch and Hens
(2016) develop a theoretical model that focuses on business services offshoring. They
discuss that service offshoring need not harm the onshore workers who perform these
activities. Whether or not service offshoring would negatively affect the onshore workers
who perform these tasks is determined by what factor causes offshoring. Offshoring caused
by advancement in ICT is found to be in favor of skill premium through a productivity
effect, while offshoring caused by trade integration tends to have the opposite effect as
it triggers more fierce competition. Therefore, the important message is that business
services offshoring may even benefit onshore labor, and policymakers should be aware of
what triggers offshoring.
The research reviewed above suggests that offshoring need not harm onshore workers,
whether it is a certain group of workers in terms of a change in skill premium or the onshore
employment in general. The task-based framework by Grossman and Rossi-Hansberg
(2008) is a groundbreaking theory on offshoring and onshore labor market outcomes, and
it is also currently the most important framework to understand the effect of offshoring
on labor market outcomes (Barbe and Riker, 2018). The productivity effect of offshoring
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is also proven to be considerable in empirical works (Amiti and Wei, 2009; Ottaviano et
al. 2013). The most important lesson from Grossman and Rossi-Hansberg (2008) model
is that the effect of offshoring on the onshore labor market is a mixed result from different
channels, and the absolute effect on onshore labor markets is not definite but determined
by the net results of all channels.
Empirics
There is a rich literature that provides empirical evidence to the theoretical framework
introduced above. They either use industry-level data, firm-level data or worker level
data. In the following paragraphs, we will selectively review relevant empirical research.
The common analysis approach in industry level studies is to relate wage bill shares
of various groups of workers to relevant variables such as offshoring and the capital to
output ratio. Measuring offshoring as the number of foreign plants relative to the number
of domestic plants, Feenstra and Hanson (1997) find that the increase in US offshoring
to Mexico over 1975-1988 could explain over 50% of the increase in skilled worker wage
bill share in Mexico. In Feenstra and Hanson (1999), they measure offshoring as the
share of imported intermediate inputs in total costs on non-energy intermediate inputs.
This measure later becomes widely used in offshoring research (e.g. Hsieh and Woo,
2005; Hijzen et al. 2005; Amiti and Wei, 2006; Biscourp and Kramarz, 2007), which
is the measure we also apply in Chapter 2 of this thesis. Feenstra and Hanson (1999)
find that the increase in offshoring accounts for 15-40% of the increase in US high skilled
workers’ wage bill share. The industry level offshoring research generally concludes that an
increase in offshoring leads to a rise in the skill premium in both the North and the South,
which supports the theory by Feenstra and Hanson (1996). The challenge of industry-level
studies is potential endogeneity issues, which arise when external shocks like technological
change might affect the skill premium and offshoring intensity simultaneously (Hummels
et al. 2018). Inspired by Hummels et al. (2014), in Chapter 2 of this thesis, we construct
an instrumental variable that is potentially correlated with offshoring, but not with the
wage structure.
Empirical evidence tends to suggest that offshoring has negative effects on onshore low-
skilled workers (Hummels et al. 2014; Wright, 2014). Hummels et al. (2014) find that
among high skilled workers, workers with above-the-average routineness suffer wage losses,
occupations related to mathematics and social sciences enjoy a wage premium, and nat-
ural science occupations are not affected by offshoring. It suggests that dividing workers
by their skill level may miss the dynamism of various occupations within each skill level.
Chapters 2 and 3 of this thesis make use of a business function framework, in which each
business function is an aggregated occupation group. This business function framework
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allows us to step away from skill groups and brings insights into the dynamism of occu-
pation groups. Chapter 2 closely relates to Hijzen et al. (2005), who study offshoring
and the skill structure of labor demand in the UK. They adopt a Seemingly Unrelated
Regressions (SUR) technique to estimate a system of equations on the relation between
cost shares of various skill groups (high, semi- and low skilled) and offshoring. They use
a narrow measure of offshoring from Feenstra and Hanson (1999), which only considers
imported intermediate inputs from the same industry. Hijzen et al. (2005) find that
offshoring has a significant negative effect on low-skilled labor in the UK manufacturing
industries for the period from 1982 to 1996. One important difference between Chapter 2
and Hijzen et al. (2005) is that rather than investigating workers by skill intensity, we
focus on the relation between offshoring and demand for labor by activity.
One disadvantage of industry-level studies is that they do not take into account firm
heterogeneity. Firms differ in attributes like size, factor use, and productivity levels.
Offshoring decisions are made by firms. Focusing on industries as the unit of study may
not accurately reflect what firms do, but rather reflect an aggregate scenario of firms
within an industry. Being aware of the limitation of industry studies, some researchers
have focused their attention on what happens at the firm level using firm-level data. These
firm-level studies often adopt similar regression setups to industry-level studies. Many
of these studies also make use of the offshoring measure by Feenstra and Hanson (1999),
see e.g. Biscourp and Kramarz, 2007; Mion and Zhu, 2013; and Andersson et al. 2017.
These studies can take into account firm heterogeneity, therefore being able to capture
changes occurring within firms. Firm-level studies generally find that offshoring has an
important impact on wages and employment within firms. For example, using French firm
data, Biscourp and Kramarz (2007) find that growth in (narrow) offshoring is significant
negatively associated with firm employment of unskilled workers. Using Belgian firm-level
data, Mion and Zhu (2013) find that offshoring to China leads to a rise in the employment
share of non-production workers. Andersson et al. (2017) find that offshoring raises the
share of high-skilled workers using Swedish manufacturing firm data.
The most detailed research on offshoring and labor market outcomes uses worker level
data. This line of research has the benefit of incorporating worker heterogeneity in ad-
dition to industry and firm-level heterogeneity. These studies are able to examine what
happens to individual workers with an increase in offshoring. Some of this research uses
open access data like the US Current Population Survey (CPS) that contains detailed
worker information on education attainments, earnings, the industry of employment and
occupation. In some applications, individuals are matched to detailed firm and trade data
using a unique identifier. As a result, researchers can investigate the effect of offshoring
on certain groups of workers within occupation spells (see e.g. Liu and Trefler, 2008;
Ebenstein et al. 2014). The worker level data that provides the richest source of infor-
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mation is linked employer-employee data. These data combines the rich information from
both employer and employee sides and allows one to trace workers and their affiliation
over time. Researchers can identify a job spell change in wages and occupations as a
result of an increase in firm offshoring (Hummels et al. 2014; Martins and Opromolla,
2009). Therefore, it identifies when there is an exogenous offshoring shock that hits the
firm, what is the change in wages for workers in this firm compared to workers of other
firms. Hummels et al. (2014) find that offshoring has significantly different wage effects
for workers of different skill levels: offshoring improves the wages of skilled workers but
lowers wages of unskilled workers.
The most widely used measure of offshoring is based on imported intermediate inputs
proposed by Feenstra and Hanson (1999). However, this measure only considers material
offshoring - the production stage of the value chain, but not other supporting service
activities like design, R&D, management, and marketing. Services offshoring is always
more difficult to capture owing to data limitations. In Chapters 3 and 4 of this thesis,
we make use of the unique International Sourcing and Global Value Chain survey from
Statistics Netherlands. This survey asks firms what activities they offshore, which con-
siders both the production stage and other support business functions. Combining this
firm survey with the regional statistics on employment by industry, we construct regional
offshoring exposure to different activities of GVC in Chapter 3. With the development
of GVC and firms relocating business functions to reduce costs, regions may specialize in
a different business function. Examples including Amsterdam’s specialization in finance
and business activities and the Hague in government institutions. This is suggestive of
an important research agenda: what is the relation between offshoring and regional func-
tional specialization? Recent research has paid attention to examine the determinants of
firms’ local choice of business functions ( Defever, 2006, 2012; Markusen and Venables,
2013; Timmer et al. 2019). However, these studies are mainly based on the country
level, and we know little about regional functional specialization. Understanding regional
functional specialization is relevant. Functions differ in the tasks that are involved and
the likelihood to be relocated. For example, compared to assembly, testing and packaging
activities, agglomeration forces are stronger for R&D activities (Mudambi et al. 2018).
GVC and offshoring have important geographical implications. When taken into account
the differences of local area exposure to offshoring and the initial industry structure, there
could be a big spatial divergence in functional specialization (Elia et al. 2009). Gagliardi
et al. (2015) investigate offshoring and the geography of jobs in the UK. They find that re-
gions that are more exposed to offshoring based on their initial industry structure observe
a significant decrease in routine jobs.
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1.4 Firm functional specialization, innovation and pro-
ductivity
The above discussion largely dealt with the impact of GVCs on the levels and growth
of income and employment. Specialization in GVCs may also relate to productivity.
There is a long line of research that examines the determinants of firm productivity. One
important determinant is a firm’s innovation efforts. R&D investment or expenditure is
often used as a proxy of firms’ overall innovative efforts. As theoretically put forward
by Griliches (1979), the relation between R&D capital and firm productivity includes
two processes: 1) the relation between R&D activity and the innovative achievements;
2) the successful implementation of innovation into the production process. The active
learning model of Ericson and Pakes (1992, 1995) explains that successfully invested R&D
contributes to an improvement in the efficiency and productivity of firms. Endogenous
growth models also state that R&D is the engine of growth (Rochina-Barrachina et al.
2010). Empirical research often confirms that firm innovation and R&D are positively
related to firm productivity (Ugur et al. 2016). Product and process innovation can
both improve firm productivity (Syverson, 2011). Innovation in product quality improves
product price, and therefore, the revenue of the firm. As a result, firm productivity
increases as one can think of productivity as units of quality per unit input (Syverson,
2011).
The existing empirical research mainly uses R&D expenditure or investment as a proxy
of firm innovation activities. In Chapter 4 of this thesis, we use the unique surveys of
Dutch firms that provide information on employment composition by business function
to investigate the relationship between functional specialization and firm productivity.
We can determine the employment share of R&D workers, and use this as a proxy of
innovation activities by firms. Furthermore, we not only focus on R&D activities but
also determine functional specialization in marketing and fabrication. As a result, we
can provide an alternative angle in looking at R&D activities and also distinguish other
business functions.
Investigating the relation between specializing in different business functions and firm
productivity is related to the well-known smile curve, where the remuneration for R&D
and innovation activities is higher as compared to fabrication activities (Mudambi, 2008;
Park et al. 2013). In general, the potential for productivity growth, technology, and
knowledge spillovers, and markups is higher for firms that specialize in R&D and market-
ing activities than fabrication activities. Information technology also plays an important
role in explaining differences in productivity growth in the US compared to the European
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Union (Jorgenson et al. 2005, 2008; Van Ark et al. 2008). In Chapter 4, the business
function ‘marketing’ encompasses ICT services. Therefore, we also expect specialization
in marketing is positively associated with firm productivity.
1.5 Summary and main findings of chapters in this
thesis
Chapter 2 investigates the macroeconomic relation between offshoring and the functional
structure of labor demand in advanced economies. This chapter provides a country-
industry level analysis. We use the business function data constructed by Timmer et
al. (2019). We distinguish two types of offshoring, namely intermediate stage offshoring
and final stage offshoring. Starting from a translog cost production function, we derive
a system of equations on cost shares of different business functions, which we subse-
quently relate to offshoring indicators and a set of control variables like the ICT capital
to output ratio. We estimate the parameters of the system using the Seemingly Unre-
lated Regression (SUR) technique. We are among the first to investigate the relation
between different forms of offshoring and the functional specialization of labor demand
in advanced economies. We add to the existing literature with the ability to further dif-
ferentiate labor in each industry by business function groups using the unique business
function data. This is consistent with the argument of Brown (2008) that business func-
tions are operated and organized within each firm regardless of the industry that firm
belongs to. Therefore we are able to capture patterns of vertical specialization within
and across industries. More importantly, we touch directly upon the most relevant labor
content of GVCs, which are the activities that are carried out, by having information on
the functional structure of labor demand. We find that final stage offshoring is significant
negatively related to fabrication cost share, which suggests that moving the final assembly
stage abroad reduces the demand for onshore fabrication workers. On the other hand, in-
termediate stage offshoring is significant positively correlated with the cost share of R&D
activities, but negatively correlated with the cost share of management. Intermediate
stage offshoring is not significantly related to the cost share of fabrication or marketing
activities. Furthermore, we find that offshoring to different destinations generally have
varied and sometimes even opposite effects on the onshore functional demand. For ex-
ample, intermediate stage offshoring is significant positively associated with the onshore
fabrication cost share if destination is high income countries, but the opposite holds if
the destination is developing countries. Final stage offshoring is negatively correlated
with onshore demand for fabrication activity, whatever the destination is. As a result,
we conclude that the impact of offshoring on onshore functional labor demand depends
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crucially on what stage of production is offshored, and where the offshoring destination
is.
Chapter 3 is a regional level analysis, where we study the functional specialization of
regions in the Netherlands and how offshoring is related to it. As business functions
differ in the potential for productivity growth, tracking the patterns and trends of func-
tional specialization is important to better understand the position of regions in the value
chain and the potential for development (Timmer et al. 2019). We use surveys from
Statistics Netherlands that provide information on offshoring regarding different business
functions. Combing information from the surveys with the regional enterprise database,
we are able to measure the offshoring exposure of different business functions for each
region. Furthermore, we use the occupation information from the Labor Force Survey to
measure the functional structure of labor demand in each region. As a result, we are able
to provide key patterns and trends of regional functional specialization in the Nether-
lands. Furthermore, we relate functional offshoring exposure to functional labor demand
in each Dutch region. Our descriptive analysis suggests the following. First, although
the functional composition of the Dutch labor force is altering slowly, it is changing de-
cisively away from fabrication and administrative activities towards knowledge-intensive
activities such as R&D and technology development, sales and marketing, and manage-
ment. Second, knowledge-intensive activities are more regionally concentrated compared
to other activities. This concentration of knowledge-intensive activities in particular re-
gions within the Netherlands is stable over time. Third, regions differ substantially in their
specialization in business functions. Our empirical findings suggest that offshoring is not
significantly related to functional specialization patterns in regions. Only for administra-
tive and back-office occupations we find a (weak) statistically significant positive relation
between offshoring and reduced labor demand. Investments in R&D and information and
communication technologies relate significantly to a decline in fabrication jobs.
Chapter 4 is based on firm level data, and we study functional specialization and its
relation to the productivity performance of firms in the Netherlands. In this chapter,
we measure functional specialization of firms in three broad functions: fabrication, R&D
and marketing. Specifically, we adopt a Balassa-type indicator of specialization where the
firm’s employment share in a business function is compared to the average employment
share of that activity across all firms. Firms are specialized in a function if they have a
relatively higher share of workers involved in that function. We then relate the functional
specialization index with firm TFP estimated using the Wooldridge (2009) approach.
Making use of unique data and proposing a new functional specialization index, we are
able to contribute by examining the relation between the functional specialization of firms
and their productivity performance. We find that firms specialized in R&D and marketing
are significantly more productive compared to firms that specialized in fabrication. These
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findings are robust to controlling for other potential determinants of productivity. This
result suggests returns from R&D as well as building brand names are higher compared to
fabrication (Mudambi, 2008; Park et al. 2013). We do not observe a significant relation
between functional specialization and mark-ups. Firms covered in the analysis might be
more exposed to international competition due to the nature of products produced or
function performed, such that these firms face difficulty charging prices above marginal
costs.
